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ABSTRACT 

In the first 5 years after treatment, silvicultural 
thinning reduced killing of Pinus ponderosa poletimber 
by Dendroctonus ponderosae by more than 90 percent and 

i led to positive net stand growth in an eastern Oregon 
test. The felling and burning of infested trees also 
substantially reduced tree mortality caused by mountain 
pine beetle; even so, the treated stand declined in the 
post-treatment period due to damage by other agents. 
The practical effect of direct control in combination 
with thinning was no greater than that obtained by thin- 
ning alone. 
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In the Northwestern United States, 

mountain pine beetle, Dendroctonus 
ponderosae Hopkins (Coleoptera: 
Scolytidae), is the major pest of 

second—growth ponderosa pine, Pinus 

ponderosa Lawson. Outbreaks occur 
predominantly in poletimber, where 

stand density is high for a given 

site (Sartwell 1971). Beetle-killed 

trees, including ones with dominant 

positions in the forest canopy, char- 

acteristically have grown very slowly 

for more than 10 years prior to be- 

ing attacked (Eaton 1941). Also, 

they have short crowns, typically 

less than one-third of tree height 

(Sartwell 1971). This evidence in- 

dicates that low tree vigor due to 

intensive between-tree competition 

underlies the occurrence of beetle 

outbreaks, and suggests silvicultural 

thinning as an approach to outbreak 

prevention. 

Applied control efforts tradi- 

tionally have aimed at the direct 

suppression of beetle populations 

by the felling and burning or insec- 

ticidal treatment of infested trees. 

However, the period of reduced tree 

killing obtained by direct control 

of D. ponderosae in P. ponderosa 
has not been documented. 

We report here the 5-year 

results of a continuing study of 

indirect, direct, and combined methods 

for control of mountain pine beetle 

in second-growth ponderosa pine. Our 

objectives are to determine the degree 

and duration of reduced tree killing 

achieved by (1) different intensities 

of thinning, (2) felling and burning 

of infested trees, and (3) the treat- 

ment which combines suppressing the 

beetle population and then thinning 

the stand. 

METHODS 

The study area is located in the 

Sumpter Valley, about 25 km (15 mi) 

southwest of Baker, Oregon. The 

virgin pine forest here was heavily 

logged during the late 19th and early 

20th centuries. A blanket of second- 

growth ponderosa pine now generally 

covers the lower slopes from the edge 

of the valley floor at 1200-m (4,000-ft) 
elevation to where the terrain steepens 

sharply at about 1500 m (5,000 ft). 

Severe tree killing by mountain pine 
beetle had occurred in the valley and 

vicinity for several years before the 

beginning of our test. In 1966, about 

8000 ha (20,000 acres) were seriously 

infested. 

The stand occupying the test site 

is nearly pure pine, with occasional 

pockets of western larch, Larix 

ocetdentalts Nuttall, and a few 
widely scattered Douglas-fir, 

Pseudotsuga menztestt (Mirbel) 

Franco. Stand structure is essentially 

even aged, and most trees were 10- to 

20-cm (4- to 8-in) d.b.h. and about 

55 years old when treatments were 

applied in 1967. Dominant trees then 

averaged about 12 m (40 ft) in height, 

indicating growth quality of the land 

rates as about Site Index 65 or Site 

Class V in the classification of 

Meyer (1961). 

Experimental design consists of 

10 plots, each covering about 10 ha 

(25 acres); these are grouped into 
two blocks (fig. 1). On the northern 

block, the beetle population was 

suppressed by the felling and burning 

of all infested trees during the late 

winter and early spring. Treated 

trees averaged 8.6/ha (3.5/acre). 
No direct control was applied against 

the beetle population in the southern 

block. 

Plot assignments were randomly 

made within each block to obtain a 

double replication of these treatments: 

(a) unthinned check, (b) 3.5- by 3.5-m 

(12- by 12-ft) spacing between resid- 

ual trees, (c) 4.5- by 4.5-m (15- by 
15-ft), (d) 5.5- by 5.5-m (18- by 
18-ft), and (e) 6.5- by 6.5-m 

(21- by 21-ft). These approximate 
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Figure 1.--Map of Sumpter Valley study area. 



spacings were achieved by cutting the unsuitable for our experiment. Thus, 

smaller trees in a way Smith (1962)~ lacking adequate replication for 

referred to as a radical application statistical analysis, we present our 

of the low thinning principle. AIl Sumpter Valley findings as a case 

cut trees were left where felled. history. 

The point samping method (Beers 

and Miller 1964) was used to collect 

live stand and mortality data from RESULTS 

20 permanent sample points on each 

plot. The first live stand cruise During the first 5 years after 

was made in September 1967, the treatment, thinning substantially 

second in August 1972, and others reduced tree mortality caused by 

are planned at 5-year intervals. We mountain pine beetle and also led to 

expect parts of the study to run for positive net stand growth (table 1). 

at least 20 years. Mortality cruises Damage by this insect on the unthinned 

are conducted each year in late plots was at least 10 times greater 

summer. Tallied dead trees are marked than on the thinned plots. Nearly 

as to year and cause of death. all tree killing by Dendroctonus 
ponderosae on the thinned plots 

A full replicate of this test occurred where thinning was lightest. 

was installed contemporaneously in The more heavily thinned plots were 

another area; but due to a misunder- virtually free of damage by this 

standing, it was partially logged a beetle; indeed, they were rather free 

year after treatment and rendered of mortality from all causes. 

Table 1--Cwnulative tree mortaltty and net stand growth 
during 5 years after thinning 

Thinning OL 
stand 

treatment . 
density 

Stem basal area, a ie 

Unthinned ay Aad. 2.19 4.89 -4 78 
3.5 by 3.5 m 26.87 75 63 1.38 -.63 
4.5 by 4.5m 19.74 .06 06 a2 75 
5.5 by 5.5 m 14.22 .00 oly ay 69 
6.5 by 6.5 m 8.06 .00 7 why 52 
i a 



Felling and burning of infested 

trees in 1967 substantially reduced 

tree killing by D. ponderosae in the 

5 years after treatment (table 2). 

given young 2nd-growth pine stands to 

make them fairly free from insect 

attach."' Subsequently, there have 

been some advances in the silvicultural 

Table 2--Compartson of cwnulative stlvicultural and direct 
control effects 5 years after treatment 

Treatment 

Check 

Direct control only 

Thinning only 

Direct control and thinning 

However, suppression of the beetle 

population did not lead to positive 

stand growth. Moderate mortality 

caused by root disease, snow break- 

age, competition, and Ips pini (Say) 
continued after the direct control 

treatment and resulted in stem basal 

area of live trees decreasing from 

41.44 to 39.48 m*/ha (180 to 172 
ft2/acre) during the 5-year posttreat- 
ment period. 

Direct control applied prelimi- 

nary to thinning had no measurable 

effect upon tree killing by mountain 

pine beetle in the 5-year posttreat- 

ment period. Thinning alone reduced 

D. ponderosae-caused mortality as 
much as did the combination of direct 

control plus thinning (table 2). 

DISCUSSION AND CONCLUSIONS 

Nearly 50 years ago, Munns and 

Colville (1928) remarked that no 

research had been done toward 

"determining the kind, quality and 
amount of thinning that should be 

Beetle 

Loss by mortality cause 

Stem basal area, m* /ha 

5.30 2.53 TBS 
5 Ill 1.84 1.95 
an 35 46 
29 aly) 46 

control of insects affecting mature 

trees. Most widely applied is the 

selective logging of old-growth 

ponderosa pine based on the scheme 

of Salman and Bongberg (1942) for 

rating tree susceptibility to attack 

by western pine beetle, D. brevicomis 
LeConte. However, thinning experiments 

to prevent insect damage in sapling 

and poletimber stands have been rare, 

even though authors of nearly all 

standard forest entomology textbooks 

mention the potential of thinning in 

pest management. 

Our results from Sumpter Valley 

indicate that thinning is more than 

merely a potential means of dealing 

with mountain pine beetle in second- 

growth ponderosa pine. At least 

for the term of 5 years, its pest 

management value has been demonstrated 

on a near-operational scale. Thus, 

the main practical questions remaining 

are: (1) How many years will thinning 
prevent serious damage by the beetle? 

and (2) Do our results apply elsewhere 
in western North America? Also to be 

explained more fully is why thinning 



reduces the effect of this insect on 

ponderosa pine stands. Z 

We expect to continue our study 

for at least 20 years to determine 

duration of effectiveness for the 

different intensities of thinning. 

Evidence offers little reason to 

choose among the heavier thinnings, 

but it indicates the 3.5- by 3.5-m 

(12- by 12-ft) spacing will not have 

practical benefits, either entomologi- 

cally or silviculturally, when applied 

after a beetle outbreak has begun. 

Light thinnings might be effective 

if made earlier in stand development 

than in our test, as Barrett (1968) 

obtained a good growth response with 

a 4.0- by 4.0-m (13- by 13-ft) thin- 
ning in a 47-year-old stand on Site 

Class V land in northern Washington. 

However, stand density at the time 

of treatment was much lower (stem 

basalktanecan 28 m*/ha or 123 f£t2/acre) 

than in our test area (40 m¢/ha or 

173 £t*/acre.) Also, there was little 

beetle activity in the area when 

Barrett began his study. 

Existing techniques for project- 

ing stand development, such as those 

of Myers (1971) and Stage (1973), can 

provide interim answers about the 

duration of effectiveness for thin- 

ning as a pest control measure. When 

beetle population models are devel- 

oped, they can be coupled with stand 

models to help determine probable 

effectiveness of treatment under 

various circumstances. However, 

knowledge of the practical value of 

thinning for management of mountain 

pine beetle in different areas and 

under various stand conditions must 

come primarily from field experiments 

and operational experience. A thin- 

ning test was begun in Montana in 

1971, and another in the Black Hills 

of South Dakota is being contemplated. 

Although early results from Montana 

strongly support our findings, we 

urge establishment of tests in addi- 

tional areas. 

As to why thinning reduces tree 

killing by mountain pine beetle, we 

hypothesize that the removal of 

competing neighbors allows residual 

trees to increase their resistance 

to beetle attack. There is abundant 

silvicultural evidence that thinning 

improves the growth rate of individ- 

ual trees, and we assume this sign 

of improved tree vigor is accompanied 

by a corresponding increase in attack 

resistance. After some years, we 
suggest, competition between trees 

will resume and ultimately will allow 

another beetle outbreak to occur. 

Thus, we also hypothesize that the 

heavier the thinning treatment the 

greater the period of reduced tree 

killing. Clearly, there is a need 

for physiological studies to deter- 

mine how thinning affects tree 

resistance. Also needed are studies 

to identify the site resource for 

which between-tree competition is 

greatest. 

An alternative or perhaps supple- 

mentary hypothesis, suggested by the 

work of Gara and Coster (1968) with 

D. frontalts Zimmerman, is that in- 
creasing the distance between trees 

reduces the probability that mass 

aggregation of beetles to one tree 

will result in neighboring trees 

being attacked. Our test evidence 

gives us no reason to challenge this 

notion; however, in several areas 

of the Pacific Northwest, we have 

observed substantial tree killing 

by D. ponderosae in mixed stands, 
where the ponderosa pines were 

spaced fairly widely but were stressed 

by competition from intermingling 

trees of nonhost species. Probably 

some distance between trees will 

prevent group killing, but how much 

has not been determined for mountain 

pine beetle. 

Inadequate replication prohibits 

strong conclusions about the direct 

control aspects of our test, but the 

results raise doubts about the practi- 

cal benefits gained by killing beetles 



and their broods. The felling and 

burning of infested trees definitely 

reduced damage by the target pest 

during the 5-year posttreatment 

period. This finding agrees with 

operational experience that direct 

control is generally effective 

against D. ponderosae for about 
3 to 7 years. However, as other 

mortality agents caused the stand to 

decline despite effective suppression 

of the beetle population, it is diffi- 

cult to classify our direct control 

treatment as practically successful. 

Possibly there are situations 

where the short-term effectiveness 

of direct control can be utilized in 

a stopgap action to provide time for 

a thinning program to be implemented. 

However, our findings suggest that 

suppression of a beetle population 

immediately prior to a scheduled 

thinning will not enhance overall 

control effectiveness: it merely 

increases treatment costs. Our 

findings are similar to those of 

J. W. Bongberg (see Miller and 
Keen 1960, p. 347-348), who found 
that a combination of direct and 

indirect methods was slightly more 

effective for control of D. brevicomis 
than a silvicultural method alone 

but not enough to justify the added 

costs. 
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